Attorney Docket No. 16869N-088200US 
Client Ref. No. NT1209US 



PATENT APPLICATION 



Display Apparatus 



Citizenship: Japan 

Toshimitsu WATANABE 

Citizenship: Japan 

Yoshie KODERA 

Citizenship: Japan 

Mutsumi SUZUKI 

Citizenship: Japan 

Tetsu OHISHI 

Citizenship: Japan 



6, Kanda Surugadai 4-chome 
Chiyoda-ku, Tokyo, Japan 
Incorporation: Japan 



Inventors: 



Nobuaki KABUTO 



Assignee: 



Hitachi, Ltd. 



Entity: 



Large 



TOWNSEND AND TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, California 941 1 1-3834 
(415)576-0200 



1 



SPECIFICATION 

1. TITLE OF THE INVENTION 

Display Apparatus 

2. BACKGROUND OF THE INVENTION 

The present invention relates to a flat display 
apparatus such as an FED (Field Emission Display) unit 
using display elements comprising typically electron 
emission devices laid out to form a matrix and pieces of 
fluorescent material each emitting light due to electrons 
emitted by the electron emission devices. 

As the electron emission devices, a MIM (Metal- 
Insulator-Metal) type electron source is used. The MIM 
electron source has a structure comprising three thin film 
layers, which serve as an upper electrode, an insulator and 
a lower electrode respectively. The display apparatus 
adopts an FED driving technique connecting the upper 
electrode to a column electrode (or a signal electrode) and 
the lower electrode to a row electrode (or a scanning 
electrode) . A typical FED driving technique is disclosed 
in Japanese Patent Laid-open No. 2001-83907. In accordance 
with this reference, a scanning electrode is associated 
with a group of pixel rows and the pixel group is driven 
sequentially one row after another. 
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A second prior art is disclosed in Japanese Patent 
Laid-open No. 2002-341365. In accordance with this 
reference, a scanning electrode driven sequentially is 
associated with a group of pixels on pair rows to form a 
double-matrix electron pattern used in a liquid crystal 
driving circuit. The second prior art can be applied also 
to the FED unit. 

3. SUMMARY OF THE INVENTION 

In accordance with the first prior art described 
above, the pixels are driven sequentially* one row after 
another. Thus, in the case of a high-resolution panel, a 
select period of a row is short. As a result, this 
technique is prone to a lack of a driving timing margin. 
In addition, since a light emission period is also short, 
there is raised a problem of a difficulty to obtain a high 
intensity of light. 

In addition, in accordance with the first prior art, 
by properly changing the magnitude of a voltage applied to 
the signal electrode to a level adjusted to a picture 
signal, a picture with various gray-scale levels can be 
generated. The voltage applied to the signal voltage is a 
voltage for driving the electron emission devices. Thus, 
in order to produce a TV picture having a high quality, it 
is desirable to set the number of bits for digital image 
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data at a value in the range of 8 to 12. The number of 
bits is the base of the driving voltage cited above. That 
is to say, the number of bits is the input-bit count of a 
D/A (Digital to Analog) converter for converting the 
digital image data into an analog driving voltage. In 
general, however, the input-bit count of a D/A converter 
serving as a driver for applying the driving voltage to the 
signal electrode is a value in the range of 6 to 8. Thus, 
if an ordinary D/A converter is employed, the size of the 
gray scale is a value in the range of 64 to 256. For this 
reason, it is desirable to further improve the gray-scale 
performance of the FED unit. The gray-scale performance is 
referred to as a dynamic range. 

Let the second conventional technology be applied to, 
for example, the FED unit described as a part of the first 
prior art. In this case, pixels on two rows are driven at 
the same time. Thus, the select period of a pixel group 
comprising two rows is twice the corresponding period 
according to the first prior art. As a result, a driving 
timing margin can be assured with ease. In addition, since 
the light emission period is also increased, there is 
offered an advantage that it is easy to produce a high 
light intensity. Like the first prior art described above, 
however, also in the case of the second technique, the 
dynamic range of the light emission is limited by the 



input-bit count of the D/A converter serving as the signal 
driver. Thus, it is impossible to display a picture with a 
gray-scale size greater than the gray-scale size, which is 
determined by the input-bit count of the D/A converter. 

It is an object of the present invention to address 
the problems described above to display a bright picture 
with a high resolution by improving the gray-scale 
performance. To put it concretely, it is an object of the 
present invention to improve the gray-scale performance by 
providing a capability of displaying a picture with a gray- 
scale size greater than the gray-scale size determined by 
the input-bit count of the D/A converter, which serves as 
the signal driver. 

In addition, it is a second object of the present 
invention to improve the brightness of picture with good 
gray-scale performance. 

In order to achieve the first object described above 
the present invention is characterized in that, during a 
select period to select at least one row of a plurality of 
display devices (electron emission devices) , which are laid 
out to form a matrix, at least two driving voltages with 
levels different from each other are applied to the 
selected display devices. The select period is a period 
during which a select voltage is being applied to the 
scanning electrode. To put it in detail, in accordance 
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with the present invention, the select period is divided 
into a plurality of sub-periods and, during each of the 
sub-periods, a driving voltage with a level different from 
levels of the driving voltages applied during the other 
sub-periods is applied to the selected electron emission 
devices . 

In accordance with the configuration of the present 
invention, a pixel corresponding to a driven electron 
emission device is capable of realizing a display with the 
number of gray-scale levels at least equal to about (the 
number of gray-scale voltage levels that can be output by 
the signal driver) x (the number of sub-periods in the 
select period) . Assume for example that the 8-bit D/A 
converter serving as the signal driver has an input-bit 
count of 8. In this case, the number of gray-scale voltage 
levels that can be output by the signal driver is 256. 
Thus, if the select period is divided into two sub-periods, 
a pixel has an ability to display 512 (= 2 x 256) gray- 
scale levels. That is to say, in accordance with the 
present invention, it is possible to realize a multiple 
gray-scale display with many gray-scale levels exceeding 
the maximum gray-scale levels, which is determined by the 
input-bit count of the D/A converter serving as the signal 
driver . 

In addition, in order to achieve the second object 



of the present invention, besides the present invention's 
characterization described above, the present invention is 
further characterized in that a plurality of rows of 
electron emission devices is driven at the same time. For 
example, as a plurality of rows to be driven at the same 
time, two adjacent rows may be selected. In this case, one 
of the two rows selected at the same time may be selected 
again during another select period. In this way, the 
length of a select period for each row, that is, a select 
period for pixels on the row, can be increased. Thus, the 
intensity of light can be increased with ease and the 
signal driver can be relieved from a requirement of a high 
operation speed due to the division of the select period. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a first embodiment 
of a pixel layout and electrode wiring of a display 
apparatus provided by the present invention; 

Fig. 2 is a diagram showing the waveforms of driving 
signals in the display apparatus provided by the present 
invention; 

Fig. 3 is a diagram showing the waveform of a 
driving signal generated by a signal driver to generate a 
typical gray scale display in accordance with the present 
invention; 
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Fig. 4 is a block diagram showing an embodiment 
implementing the display apparatus provided by the present 
invention; 

Fig. 5 is a block diagram showing another embodiment 
implementing the display apparatus provided by the present 
invention; 

Fig. 6 is a block diagram showing an embodiment 
implementing a Ta/Tb signal converter employed in the 
display apparatus shown in Fig. 5; 

Fig. 7 shows a truth table showing typical 
operations of the Ta/Tb signal converter employed in the 
other embodiment shown in Fig. 5; 

Fig. 8 is a block diagram showing a second 
embodiment of a pixel layout and electrode wiring of the 
display apparatus provided by the present invention; 

Fig. 9 is a diagram showing the waveforms of driving 
signals for the second embodiment shown in Fig. 8; 

Fig. 10 is a diagram showing an electrode pattern 
for the second embodiment shown in Fig. 8; 

Fig. 11 is a diagram showing a perspective view of 
spacers and a rear substrate, which are applied to the 
present invention; 

Fig. 12 is a block diagram showing a third 
embodiment of a pixel layout and electrode wiring of the 
display apparatus provided by the present invention; 
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Fig. 13 is a block diagram showing a fourth 
embodiment of a pixel layout and electrode wiring of the 
display apparatus provided by the present invention; and 

Fig. 14 is a diagram showing the waveforms of 
driving signals for the fourth embodiment shown in Fig. 13. 

5. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Embodiments of the present invention will be 
explained in detail with reference to the diagrams. Fig. 1 
is a block diagram showing a first embodiment of a pixel 
layout and electrode wiring of a display apparatus provided 
by the present invention. The display apparatus 
implemented by the embodiment comprises a plurality of 
pixels Pll, P12 and so on, a plurality of scanning 
electrodes SI, S2 and so on, a plurality of signal 
electrodes D01, DEI, D02, DE2 and so on, a scanning driver 
201 and a signal driver 301. The pixels Pll, P12 and so on 
are laid out to form a matrix. The scanning electrodes SI, 
S2 and so on are each extended in the horizontal direction 
of the screen, each forming a row of the matrix. The 
signal electrodes DOl, DEI, D02, DE2 and so on are each 
extended in the vertical direction of the screen, each 
forming a column of the matrix. The scanning driver 201 is 
a driver for applying a select voltage to a desired row in 
order to select the row. The signal driver 301 is a driver 
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for applying a driving voltage to a signal electrode in 
order to drive pixels on the signal electrode. The pixels 
Pij are each located at an intersecting point of one of the 
scanning electrodes Si and one of the signal electrodes DOj 
/DEj . In addition, the pixel Pij is connected to the 
scanning electrode Si and the signal electrode DOj /DEj. 
Thus, a select voltage and a driving voltage are supplied 
to the pixel Pij by the scanning electrode Si and the 
signal electrode DOj /DEj respectively. Fig. 1 shows the 
pixel layout's enlarged partial model comprising (4x4) 
pixels in a matrix consisting of 1,920 columns of pixels 
and 1,080 rows of pixels. It is needless to say that the 
pixel matrix is not limited to the matrix consisting of 
1,920 columns of pixels and 1,080 rows of pixels. 

A pixel on any specific one of the odd-numbered 
scanning electrodes SI, S3 and so on is connected to one of 
the odd-numbered signal electrodes DOl, D02 and so on that 
crosses the specific odd-numbered scanning electrode Si. 
Likewise, a pixel on any specific one of the even-numbered 
scanning electrodes S2, S4 and so on is connected to one of 
the even-numbered signal electrodes DEI, DE2 and so on that 
crosses the specific even-numbered scanning electrode Si. 
By taking the FED unit employing MIM electron emission 
devices as described in patent reference 1 as an example, 
the operation of the display apparatus comprising the 
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pixels Pll, P12 and so on as the MIM electron emission 
devices as shown in Fig. 1 is explained by referring to 
waveforms shown in Fig. 2. In the following description, 
an MIM electron emission device is referred to simply as an 
MIM. 

The FED unit comprises a rear substrate and a front 
substrate, which are placed in such a manner that the rear 
substrate and the front substrate face each other. The 
pixels Pll, P12 and so on each serving as an electron 
emission device, the scanning electrodes SI, S2 and so on, 
the signal electrodes DOl, DEI, D02, DE2 and so on, the 
scanning driver 201 and the signal driver 301 are created 
on the rear substrate to form the pattern and the 
connection wiring, which are shown in Fig. 1. On the other 
hand, pieces of fluorescent material are each created on 
the front-surface substrate at a location corresponding to 
one of the electron emission devices forming the matrix on 
the rear substrate. The pieces of fluorescent material 
each comprise an R fluorescent material emitting red light, 
a G fluorescent material emitting green light and a B 
fluorescent material emitting blue light. 

A MIM has an upper electrode, a lower electrode and 
an insulation film between the electrodes. When a strong 
electric field is built up in the insulation film due to a 
driving voltage applied between the upper electrode and the 
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lower electrode, electrons are injected from the lower 
electrode to the upper electrodes by way of a conduction 
band in the insulation film, becoming hot electrons. Some 
of the hot electrons having much energy surmount the upper 
electrode, being emitted to a vacuum. The emitted 
electrons are accelerated by applying a high voltage of the 
order of 3 to 6 kV to an acceleration electrode, which is 
located at a position in close proximity to the pieces of 
fluorescent material on the front substrate. The emitted 
electrons then hit the pieces of fluorescent material each 
provided at a location corresponding to one of the electron 
emission devices. The incident electrons excite each piece 
of fluorescent material, causing the fluorescent material 
to emit light with a color according to the emission 
characteristic. The lower electrode is connected to one of 
the scanning electrodes Si, S2 and so on, which apply a 
select voltage generated by the scanning driver 201. On 
the other hand, the upper electrode is connected to one of 
the signal electrodes DOl, DEI and so on, which apply a 
driving voltage generated by the signal driver 301. 

The operation of the block diagram shown in Fig. 1 
is explained in more detail by referring to Fig. 2. In the 
period tl to t3, the scanning driver 201 applies a select 
electric potential V si to the scanning electrode SI 
connected to the lower electrode of the MIM of the pixel 
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Pll. At the same time, the signal driver 301 applies an 
electric potential V D i to the signal electrode DOl connected 
to the upper electrode. In this state, a voltage (V Di - V sl ) 
is applied to the insulation film of the MIM. The MIM of 
the pixel Pll emits electrons, the number of which is 
proportional to the voltage. The electrons are then 
radiated to a fluorescent material corresponding to the 
pixel Pll, causing the fluorescent material to emit light. 
The pixel P12 is also connected to the same scanning 
electrode SI but connected to the signal electrode D02, 
which receives an electric potential V D0 from the signal 
driver 301 during the period tl to t3. Thus, a voltage (V D o 
- Vsi) is applied to the insulation film in the MIM of the 
pixel P12. If the electric potential V D0 is set at such a 
value that the voltage does not exceed a threshold value of 
the MIM, the MIM does not operate so that a fluorescent 
material corresponding to the pixel P12 does not emit light. 
The threshold value is the lower limit of the applied 
voltage required for operating the MIM. 

In a period after the time t3, a deselect electric 
potential V s0 is applied to the scanning electrode SI so 
that the applied voltage does not exceed the threshold 
value without regard to which of the electric potentials V D0 
and V Di is applied to the signal electrode DOl. As a result, 
no fluorescent material corresponding to an MIM on the 
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deselected row is emitting light because the MIM is not 
operating in spite of the fact that the driving electric 
potential V D i is applied to the MIM. 

As described above, among the MIMs laid out to form 
a matrix, only MIMs pertaining to a selected row are each 
selected as an operating MIM, which is a MIM put in a state 
of being capable of operating. The selected row is a row, 
to which the scanning driver 201 applies the select 
electric potential V si . To put it concretely, the selected 
row is either the scanning electrode SI or the scanning 
electrode S2 or both. If a driving electric potential is 
further applied to a selected MIM, the MIM will emit 
electrons, the number of which is dependent on the driving 
electric potential. 

Likewise, the select electric potential V s i is 
applied to the scanning electrode S2 serving as the second 
row during the period t2 to t4, which is a select period 
lagging behind the select period of the scanning electrode 
SI serving as the first row by half the select period. The 
period t2 to t3 becomes a period in which the scanning 
electrodes SI and S2 are selected at the same time. 
However, the pixels pertaining to the scanning electrode SI 
are connected to the odd-numbered signal electrodes DOl, 
D02 and so on whereas the pixels pertaining to the scanning 
electrode S2 are connected to the even-numbered signal 
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electrodes DEI, DE2 so that a display by the pixels 
pertaining to the scanning electrode SI and a display by 
the pixels pertaining to the scanning electrode S2 can be 
obtained independently of each other. Thereafter, 
subsequent select operations are carried out sequentially 
with each select operation delayed from the immediately 
preceding select operation by half the select period. As a 
result, any arbitrary picture display can be obtained by 
independently emitting light during every sele'ct period of 
each of the rows. 

Next, the configuration of the gray scale according 
to the present invention is explained. As the signal 
driver 301, typically, a driver including an embedded so- 
called 8-bit D/A conversion function is used. Such a 
driver is capable of outputting a voltage for 256 gray- 
scale levels. It is thus obvious that a display with 256 
gray-scale levels can be obtained. In accordance with the 
present invention, each MIM's select period determined by 
the output period of a select voltage generated by the 
scanning driver 201 is divided into two sub-periods, namely, 
a first sub-period and a second sub-period. The output 
period is the duration of the select electric potential V s i . 
During each of the first sub-period and the second sub- 
period, any one of 256 gray-scale driving voltages 
independent from each other can be applied.- Thus, the size 
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of the gray scale that can be displayed is substantially 
twice the number of voltage outputs generated by the signal 
driver 301. As a result, a display with a gray-scale size 
of 511 can be realized. 

If at least first and second driving voltages having 
levels independent from each other are applied to MIMs of a 
certain row during the select period of the row, that is, 
if first and second driving voltages with the levels 
thereof adjustable independently of each other are applied 
to the MIMs, what is visible to the human eyes is a result 
of addition of emitted light represented by the first 
driving voltage and emitted light represented by the second 
driving voltage. Thus, even if the gray scale levels 
represented by each of the first and second driving 
voltages is k, that is, even if the quantity of the emitted 

light is 0, 1, 2, or (k-1), a picture can be expressed 

in terms of (2k-l) gray scale levels, that is, the picture 
can be displayed as a result of emission with light 

quantities of 0, 1, 2, , (k-1), k, (k+1), and (2k-2) . 

In this way, by dividing the select period into sub-periods 
and applying driving voltages with independent levels to 
each of the sub-periods, the gray scale levels can be 
increased to approximately the product of the number of 
such driving voltages and the number of sub-periods. It is 
to be noted that the figure shows a case in which the 
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pixels P32 and P42 emit electrons only during the first 
sub-period Ta of each of their select periods. 

In addition, the lengths of the first sub-period Ta 
and the second sub-period Tb do not have to be equal to 
each other. Instead, the ratio of the length of the first 
sub-period Ta to the length of the second sub-period Tb is 
changed so that the dynamic range of the light emission can 
be further improved without increasing the number of sub- 
periods. In this case, the dynamic range of the light 
emission is defined as a ratio of a minimum intensity to a 
maximum intensity where the minimum intensity means a 
lowest gray-scale level emitted light next to no emitted 
light. For example, if the ratio of the length of the 
first-half sub-period Ta to the length of the second-half 
sub-period Tb is 1 : 2, the dynamic range can be tripled. 
In this case, an intensity difference per gray-scale 
granularity close to the maximum intensity increases to a 
value twice that in a low-intensity portion. Since the 
display intensity is high, however, there is no problem. 

Fig. 3 is a diagram showing the waveform of a 
driving signal generated by the signal driver 301 and 
typical allocation of gray-scale granularities. During a 
long second sub-period Tb, the voltage level is set at 0. 
During a short first sub-period Ta, on the other hand, 
voltage levels of 0 to 255 are output to generate emitted 



17 

light of 255 gray-scale levels. Pieces of emitted light of 
the gray-scale range 255 to 510 are always generated at a 
voltage level of 255 in the first-half sub-period Ta and at 
voltage levels of 0 to 255 in the second-half sub-period Tb 
to provide emitted light of the gray-scale range 255 to 510. 

In a low-intensity portion or a dark picture area, 
the driving voltage applied in the longer sub-period (or 
the second-half sub-period Ta) is set at 0 and the driving 
voltage applied in the shorter sub-period (or the first- 
half sub-period Tb) is varied so that a difference in 
intensity between adjacent gray-scale values can be made 
small. Thus, a fine gray-scale display can be obtained. 
In a high-intensity portion or a bright picture area, the 
driving voltage applied in the shorter sub-period (or the 
first sub-period Tb) is set at a maximum value and the 
driving voltage applied in the longer sub-period (or the 
second sub-period Ta) is varied so that a difference in 
intensity between adjacent gray-scale values can be made 
large. Since the intensities themselves are high, however, 
the rate of changes in intensity is relatively small so 
that there is almost no problem in the sense of sight. 
That is to say, in accordance with the present invention, 
either the first sub-period Ta or the second sub-period Tb 
is selected in dependence on the intensity of the picture 
for use in control of the gray scale. In addition, there 
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is also offered an advantage that the monotonous rising 
characteristic of the level of the emitted light is 
sustained in spite of the fact that the difference in 
intensity per step changes from a value on one side of a 
boundary to another value on the other side of a boundary, 
which is the value of the 255th gray scale level. The 
change in intensity difference per step can be corrected by 
means of a gray-scale correction circuit using an LUT (Look 
Up Table) . An example of the gray-scale correction circuit 
is the so-called gamma correction circuit. 

The figure does not show the fact that, by widening 
the range of the driving voltage (or the driving current) 
applied during the second sub-period Tb to exceed the range 
of the driving voltage (or the driving current) applied 
during the first sub-period Ta, the difference in intensity 
per step can also be changed. In addition, by raising the 
high voltage applied to a fluorescent material in order to 
accelerate emitted electrons during the sub-period Tb, the 
same effects can also be exhibited even if the duration of 
the sub-period Ta is equal to the duration of the sub- 
period Tb and the range of the driving voltage (or the 
driving current) applied during the sub-period Tb is about 
the same as the range of the driving voltage (or the 
driving current) applied during the sub-period Ta. 

It is to be. noted that, even if the duration of the 
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first sub-period Ta is set at a length equal to the 
duration of the second sub-period Tb, due to distortions of 
the waveform of the driving voltage and other causes, the 
brightness can be more than doubled by additionally 
emitting light during the second sub-period Tb continuously 
following the first sub-period Ta in comparison with a case 
in which light is emitted only during the first sub-period 
Ta. This difference in intensity per step can be corrected 
if the gray-scale correction circuit described above is 
employed. 

By the way, in order to avoid cross-talks and to 
obtain a stable display gray scale, after the scanning 
electrode S2 transits to the select electric potential V sl 
to enter a select state at the time t2 in the driving 
voltages' waveforms shown in Fig. 2, the signal electrode 
DEI transits to the electric potential V D i, lagging behind 
the transition of scanning electrode S2 to the select 
electric potential V sl . In addition, before the scanning 
electrode S2 starts a transition to the deselect electric 
potential V s0 at the time t3, the signal electrode DEI 
completes a transition to the electric potential V D0 . That 
is to say, by setting the rising edge of the driving 
voltage generated by the signal driver 301 at a time 
lagging behind each of the timings tl, t2 and so on of the 
starts of the select voltages output by the scanning driver 
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201 and by setting the falling edge of the driving voltage 
generated by the signal driver 301 at a time leading ahead 
of each of the timings t3, t4 and so on of the starts of 
the select voltages, it is possible to offer an advantage 
that, as a driving system, extra timings no longer need to 
be set. In this case, the second half of the select period 
of a row becomes the long second sub-period Tb and the 
duration of the first sub-period Ta can be set at a value 
obtained by subtracting a period from duration of the 
second sub-period Tb. The period subtracted from the 
duration of the second sub-period Tb corresponds to a delay 
of the waveform of the select voltage generated by the 
scanning driver 201 and the distortions of the waveform. 

In this embodiment, the light-emission period is 
divided into two sub-periods, namely, the first sub-period 
Ta and the second sub-period Tb. However, it is needless 
to say that, by dividing the light-emission period into 
three or more sub-periods as described earlier, the dynamic 
range of the display can be further increased. 

Fig. 4 is a block diagram showing an embodiment 
implementing the display apparatus provided by the present 
invention. Examples of the display apparatus are the 
monitor provided for a personal computer and a TV receiver. 
To put it more concretely, the block diagram shows the 
signal driver 301 shown in Fig. 1 and a typical signal- 



processing system for . generating a signal applied to the 
signal driver 301. The signal driver 301 shown in Fig. 1 
includes a signal driver 320 for driving a group of odd- 
numbered signal electrodes DOl, D02 and so on as well as a 
signal driver 330 for driving a group of even-numbered 
signal electrodes DEI, DE2 and so on. The signal drivers 
320 and 330 have the same configuration including a data 
distribution circuit 321 for distributing an input signal 
to columns of the matrix, latch circuits 322 each used for 
latching a distributed signal and D/A conversion circuits 
323 each used for converting a digital signal stored in one 
of the latch circuits 322, which is associated with the D/A 
conversion circuit 323, into a predetermined analog voltage. 
The operation of the signal-processing system is explained 
as follows. 

The display apparatus is capable of inputting or 
receiving both an analog video signal and a digital video 
signal. An input analog video signal is converted into a 
digital signal by an A/D (Analog to Digital) converter 311. 
On the other hand, an input digital video signal is decoded 
by using a reception interface (RX) 312, which includes a 
digital decoder. Signals output by the A/D converter 311 
and the reception interface 312 are supplied to a switch 
313. The switch 313 selects one of the signals and 
supplies the selected signal to a gray-scale correction 
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circuit 314, which functions as a driving signal generator. 
The signal selected by the switch 313 is a digital video 
signal. Typically including an LUT (Look Up Table), the 
gray-scale correction circuit 314 carries out a gray-scale 
correction process such as a gamma correction process to 
determine the display apparatus' gray-scale value 
corresponding to the digital video signal. 

The gray-scale correction circuit 314 has a function 
for transforming the bit count of the digital video signal 
received from the switch 313 into two driving signals. If 
the D/A conversion circuit 323 embedded in the signal 
drivers 320 and 330 has an input bit count of 8, for 
example, the gray-scale correction circuit 314 provided by 
this embodiment transforms the bit count of the digital 
video signal into 16-bit signals. That is to say, the 
gray-scale correction circuit 314 has a function to 
transform the bit count of the digital video signal input 
thereto into output signals each having a bit count greater 
than the bit count of the digital video signal. The 16-bit 
signal obtained as a result of the transformation is 
divided into a first 8-bit driving signal and a second 8- 
bit driving signal. The first 8-bit driving signal serves 
as the base of a driving voltage applied to the signal 
electrode in the first sub-period Ta. On the other hand, 
the second 8-bit driving signal serves as the base of a 
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driving voltage applied to the signal electrode in the 
second sub-period Ta. In the case of a gray-scale value 
lower than an intermediate boundary gray-scale value of 255, 
the first driving signal has a value representing the input 
video signal while all the bits of the second driving 
signal are set to 0. In the case of a gray-scale level 
higher than the intermediate boundary gray-scale value of 
255, on the other hand, the second driving signal has a 
value representing the input video signal while all the 
bits of the first driving signal are set to 1 to represent 
a value of 255. 

By carrying out the operation of the gray-scale 
correction circuit 314 as described above, it is possible 
to generate the first and second driving signals to be 
applied to the first and second sub-periods Ta and Tb 
respectively as explained above by referring to Fig. 3. 
The first driving signal for the first sub-period Ta is 
output from a lower-side terminal of the gray-scale 
correction circuit 314, being supplied to a left-side 
terminal of a switch 316 and a right-side terminal of a 
switch 317. The switches 316 and 317 each function as a 
changeover switch. On the other hand, the second driving 
signal for the second sub-period Tb is output from an 
upper-side terminal of the gray-scale correction circuit 
314, being supplied to a line memory 315. The line memory 
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315 delays the second driving signal by a period of time 
equal to the first sub-period Ta before supplying the 
second driving signal to a right-side terminal of the 
switch 316 and a left-side terminal of the switch 317. 

The video signal selected by the switch 313 is also 
supplied to a characteristic extraction circuit 319 for 
extracting the video signal's characteristics such as a 
white peak level, an average intensity level and a 
brightness-classified histogram and supplying results of 
extraction to a Tb/Ta control circuit 318. The Tb/Ta 
control circuit 318 carries out an optimum picture-drawing 
operation by controlling parameters such as a ratio of the 
length of the sub-period Ta to the length the sub-period Tb 
on the basis of the extraction results received from the 
characteristic extraction circuit 319. In order to display 
an image dominated by a dark picture, for example, control 
is executed to shorten the first sub-period Ta. In order 
to display an image dominated by a bright picture, on the 
other hand, control is executed to lengthen the first sub- 
period Ta and adjust the lengths of both the first sub- 
period Ta and the second sub-period Tb so as to make the 
first-half sub-period Ta substantially equal in duration to 
the second sub-period Tb. As described above, not only can 
the apportionment of time among the first sub-period Ta and 
the second sub-period Tb be adjusted, but it is also 
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possible to control other parameters such as the range of 
the driving voltage (or the driving signal) generated by 
the signal driver 301 in the first sub-period Ta and/or the 
second sub-period Tb and the high voltage applied to the 
fluorescent materials. By changing the variation range of 
the level of the driving signal generated by the gray-scale 
correction circuit 314 or changing the correction 
characteristic of the gray-scale correction circuit 314 in 
conformity with these adjustment and control, a more 
desirable picture-drawing operation can be carried out. It 
is to be noted that the ratio of the length of the sub- 
period Ta to the length the sub-period Tb can be switched 
from one value to another on a frame boundary or a line 
boundary. 

In addition, the figures do not show the fact that, 
when the user sets the brightness and the contrast by using 
a remote controller, not only can the video signal level be 
corrected, but it is also possible to control other 
parameters such as the range of the driving voltage (or the 
driving signal) generated by the signal driver 301 in the 
first-half sub-period Ta and/or the second-half sub-period 
Tb and the high voltage applied to the fluorescent 
materials so as to allow a better picture-drawing operation 
to be carried out. 

On the basis of synchronization signals such as the 
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horizontal and vertical synchronization signals, the Tb/Ta 
control circuit 318 sets for example two horizontal 
scanning periods as a select period and further generates 
control signals showing the select period's first sub- 
period Ta and second sub-period Tb. There are two types of 
control signal. The control signal of the first type is 
provided for odd-numbered rows and the control signal of 
the second type is provided for even-numbered rows, A 
control signal provided for an even-numbered row has a 
waveform lagging behind the waveform of a control signal 
provided for an odd-numbered row by about a horizontal 
scanning period. These control signals control the 
switches 316 and 317 so that, for example, in the period tl 
to t2, the second driving signal for the first row is 
supplied to the signal driver 320 after being delayed by 
about the first sub-period Ta and the second driving signal 
for the second row is supplied to the signal driver 330 
without being delayed. These driving signals are each 
split into signals to be supplied to their respective 
columns by the data distribution circuit 321. Subsequently, 
in the period t2 to t3, the split signals are temporarily 
stored in their respective latches 322 before being 
converted by the D/A conversion circuits 323 into analog 
driving voltages which are then applied to their respective 
signal electrodes DOl, D02 and so on. 
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In the period t2 to t3, the switches 316 and 317 
each select a signal opposite to that shown in the figure. 
The first driving signal for the third row is supplied to 
the signal driver 320 without being delayed and the second 
driving signal for the second row is supplied to the signal 
driver 330 after being delayed by about the first sub- 
period Ta. These driving signals are each split into 
signals to be supplied to their respective columns by the 
data distribution circuit 321. Subsequently, in the period 
t3 to t4, the split signals are temporarily stored in their 
respective latches 322 before being converted by the D/A 
conversion circuits 323 into analog driving voltages which 
are then applied to their respective signal electrodes DOl, 
D02 and so on. Thereafter, these select operations are 
repeatedly carried out in the same way. 

If the signal electrodes on the odd-numbered rows 
shown in Fig. 1 are pulled up and connected to the signal 
driver. 320 and the signal electrodes on the even-numbered 
rows shown in the same figure are pulled down and connected 
to the signal driver 330, the conventional signal driver 
adopting a simple matrix technique is used as it is. Thus, 
the embodiment shown in Fig. 1 has an advantage that the 
present invention can be implemented in the conventional 
signal driver. 

Fig. 5 is a block diagram showing a second 
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embodiment implementing the display apparatus provided by 
the present invention. To put it more concretely, the 
block diagram shows the signal driver 301 shown in Fig. 1 
and a typical signal-processing system for generating a 
signal applied to the signal driver 301. In the display 
apparatus shown in Fig. 5, the signal driver 301 shown in 
Fig. 1 comprises a group of odd-numbered signal electrodes 
DOl, D02 and so on, a group of even-numbered signal 
electrodes DEI, DE2 and so on, a signal driver 340 for 
driving the odd-numbered signal electrodes DOl, D02 and so 
on and a signal driver 350 for driving the odd-numbered 
signal electrodes DEI, DE2 and so on. The signal drivers 
340 and 350 have the same configuration, which is identical 
with those of the signal drivers 320 and 330 shown in Fig. 
4 except that a Ta/Tb signal converter 324 functioning as a 
changeover device is inserted immediately before each of 
the D/A conversion circuits 323. 

Like the gray-scale correction circuit 314 shown in 
Fig. 4, a gray-scale correction circuit 314, which 
functions as a driving signal generator, has a function for 
transforming the bit count of a digital video signal into a 
signal with a bit count equal to the input bit count of the 
signal drivers 340 and 350. However, the input bit count 
obtained as a result of the transformation is different 
from that of the embodiment shown in Fig. 4. In the case 
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of the embodiment shown in Fig. 5, a digital video signal 
with a bit count of 8 is transformed into a signal with a 
bit count of 9. This signal is used as a driving signal 
common to the sub-periods Ta and Tb in order to generate 
typically gray-scale values in the range of 0 to 511 
corresponding to the 9 bits. It is the Ta/Tb signal 
converter 324 that generates a signal for the Ta/Tb periods. 

Fig. 6 is a block diagram showing an embodiment 
implementing the Ta/Tb signal converter 324 and Fig. 7 
shows a truth table showing typical operations of the Ta/Tb 
signal converter 324. If the driving signal represents a 
gray-scale value of n where n is a number in the range of 0 
to 255, that is, if the most significant bit b8 of the 
driving signal is 0, bits bO to b7 are output as they are 
during the sub-period Ta and "0" is output in the sub- 
period Tb. If the driving signal represents a gray-scale 
value of n where n is a number in the range of 256 to 511, 
that is, if the most significant bit b8 of the driving 
signal is 1, on the other hand, bits bO to b7 are output as 
they are during the sub-period Tb and "1" is output in the 
sub-period Ta. That is to say, in this embodiment, the 
most significant bit of the 9-bit driving signal obtained 
as a result of the transformation carried out by the gray- 
scale correction circuit 314 is detected and its value is 
used as a criterion for determining first and second 
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driving signals to be apportioned to the first sub-period 
Ta and the second sub-period Tb. In this case, however, 
the driving signal representing a gray-scale value of 255 
causes the signal driver to output the same waveform as the 
driving signal representing a gray-scale value of 256. For 
this reason, considering the fact that the corrected output 
for a gray-scale value of 255 results in the same gray- 
scale level as the corrected output for the gray-scale 
value of 256, the gray-scale correction circuit 314 adopts 
a technique such as a method of setting the LUT data so as 
not to use the corrected output for the gray-scale value of 
255 or 256. 

In Fig. 5, the signal driver 340 is a driver in 
charge of driving a group of odd-numbered signal electrodes 
connected to pixels connected to a group of odd-numbered 
scanning electrodes. On the other hand the signal driver 
350 is a driver in charge of driving a group of even- 
numbered signal electrodes connected to pixels connected to 
a group of even-numbered scanning electrodes. For this 
reason, the Tb/Ta control circuit 318 outputs control 
signals for controlling the drivers 340 and 350 with the 
control signals' waveforms shifted from each other by half 
the select period of one row. In the embodiment described 
earlier, the length of half the select period of one row is 
equal to the length of one horizontal period of the video 
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signal. 

In the system shown in Fig. 5, it is necessary to 
add a dedicated horizontal driver including the Ta/Tb 
signal conversion circuit to that shown in Fig. 4. However, 
the logic circuit of the Ta/Tb signal conversion circuit 
can be realized relatively with ease. In addition, since 
the line memory 315 is not required, the scale of the 
circuit can be suppressed to a relatively small one. Thus, 
the system shown in Fig. 5 has merits such as a cost 
advantage over that shown in Fig. 4. 

Fig. 8 is a block diagram showing a second 
embodiment of a pixel layout and electrode wiring of the 
display apparatus provided by the present invention and Fig. 
9 is a diagram showing the waveforms of electrode select 
and driving signals generated by electrodes in the second 
embodiment. In the embodiment shown in Fig. 1, scanning 
electrodes are laid out, each forming a row. In the case 
of the embodiment shown in Fig. 8, on the other hand, two 
rows are driven at the same time by the same scanning 
electrode. Thus, the number of scanning electrodes can be 
reduced and the fabrication yield can hence be increased. 
The number of outputs on a scanning electrode driver 202 is 
only half the number of outputs on the scanning electrode 
driver 201. Comparison of the typical driving waveforms 
shown in Fig. 9 with the typical driving waveforms shown in 
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Fig. 2 indicates that the waveforms of signals generated by 
the odd-numbered signal electrodes D01 and D02 connected to . 
pixels on odd-numbered rows in this embodiment are each 
delayed by one horizontal scanning period. In order to 
generate a delay signal for such delaying, it is necessary 
to provide the signal-processing circuit with a circuit 
equivalent to the line memory. 

Fig. 10 is a diagram showing an electrode pattern 
for the second embodiment shown in Fig. 8 and Fig. 11 is a 
diagram showing a perspective view of a rear substrate 
including spacers. The rear substrate comprises a glass 
substrate 421, scanning electrodes 422, signal electrodes 
423 and electron emission devices 424. 

In order to build an FED unit, it is necessary to 
provide a front substrate facing the rear substrate. On 
the front substrate, which is not shown in Fig. 11, a 
fluorescent material and anodes are created. In order to 
realize an even and uniform picture display, spacers 410 
each having a typical height of 2 mm may be created between 
the rear substrate and the front substrate so as to keep a 
uniform gap between the substrates. The spacers 410 are 
each placed at a location avoiding pixels so as not to 
obstruct paths of electrons emanating from the rear 
substrate. For a pixel gap of 0.3 mm, each of the spacers 
410 is provided to have a thickness in a range of about 
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0.05 to 0.1 mm and a height of approximately 2 mm. In 
order to erect such thin and tall spacers 410 vertically, 
support bodies 411 for holding the spacers 410 are provided 
in advance. The support bodies 411 each have a thickness 
about equal to or smaller than the thickness of a spacer 
410. It is convenient to assemble the spacers 410 and the 
support bodies 411 so as to create a box-like configuration 

However, some electrons may hit a spacer 410, 
causing electric charge to be accumulated on the spacer 410 
In order to get rid of this electric charge, little 
conductivity is provided on the surface of every spacer 410 
and the spacers 410 are each put on a scanning electrode 
422. In accordance with the present invention, in order to 
allow two rows each comprising a group of pixels to be 
selected by a scanning electrode 422, the width of every 
scanning electrode 422 is made large in comparison with 
that shown in Fig. 1. Thus, a spacer 410 erected on a 
scanning electrode 422 is allowed to have a large thickness 
For this reason, the strength of every spacer 410 can be 
assured. In addition, it is possible to have a margin of 
tolerance in the alignment precision between a scanning 
electrode 422 and a spacer 410 erected thereon. 

In assembling the FED unit, a force is applied to 
the back-face and front substrates to bind the substrates 
together. As a result, the spacers 410 provided between 
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the back-face and front substrates get slightly into their 
respective underlying scanning electrodes 422. For this 
reason, every scanning electrode 422 is created with a 
relatively large thickness so as to make the scanning 
electrode 422 capable of playing the role of a cushion. 
Thus, when the FED unit is assembled, in order to prevent 
the wiring pattern from being injured, the support bodies 
411 are attached to the spacers 410, being floated above 
the bottoms of the spacers 410 at an altitude at least 
equal to the thickness of every scanning electrode 422. In 
addition, the upper side of each support body 411, that is 
the side facing the front substrate, is placed at a 
position lower than the tops of the spacers 410 in order to 
avoid effects of electric-charge accumulation. In general, 
the FED unit is capable of generating a full-color display 
by arranging red, green and blue pixels as stripes oriented 
in the screen vertical direction. In consequence, the gap 
between two adjacent pixels in the horizontal direction is 
apt to become small but the gap between two adjacent pixels 
in the vertical direction is apt to become large. Thus, an 
electron emitted from an electron emission device 424 is 
affected by electric charge accumulated in a spacer 410 or 
the like existing between pixels arranged in the horizontal 
direction. As a result, it is quite within the bounds of 
possibility that the electron does not properly arrive at 
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the fluorescent material. For this reason, the thickness 
of every support member 411 placed between pixels arranged 
in the horizontal direction had better be made smaller than 
that of the spacer 410 in consideration of the fact that 
the gap between two adjacent pixels in the horizontal 
direction is small. 

Fig. 12 is a block diagram showing a third 
embodiment of a pixel layout and electrode wiring of the 
display apparatus provided by the present invention. The 
third embodiment is different from the embodiment shown in 
Fig. 8 in that, in the case of the third embodiment, the 
group of pixels on any even-numbered row is shifted in the 
right direction by half the gap between two adjacent pixels 
away from the group of pixels on any odd-numbered row. In 
addition, the signal electrode for every odd-numbered row 
is pulled up and connected to a signal driver 302 on the 
upper side while the signal electrode for every even- 
numbered row is pulled down and connected to a signal 
driver 303 on the lower side. 

By shifting pixels on any even-numbered row away 
from pixels on any odd-numbered row, the number of pixels 
arranged in the horizontal direction appears larger, giving 
rise to an advantage of an improved resolution sense in the 
horizontal direction. In addition, by supplying signals to 
the signal electrodes from the upper and lower sides, it is 
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possible to secure a large value of the connection pitch 
between the signal electrodes and the signal drivers. 

Fig. 13 is a block diagram showing a fourth 
embodiment of a pixel layout and electrode wiring of a 
display apparatus provided by the present invention and Fig. 
14 is a diagram showing the waveforms of electrode select 
and driving signals for the fourth embodiment shown in Fig. 
13. This embodiment implements a display apparatus having 
a configuration in which the screen is divided into an 
upper-side area and a lower-side area, which are each 
driven independently. The number of outputs from a 
scanning electrode driver 203 is equal to the number of 
pixels arranged in the vertical direction of the display 
apparatus. The scanning electrode SU1 is driven by a 
signal having the same waveform as a signal for driving the 
scanning electrode SD1 . Likewise, the scanning electrode 
SU2 is driven by a signal having the same waveform as a 
signal for driving the scanning electrode SD2 . Pixels Pll, 
P12 and so on connected to the upper-side scanning 
electrodes SU1 and SU2 are connected to upper-side signal 
electrodes DU1, DU2 and so on, which are driven by an 
upper-side signal driver 304. Likewise, pixels P31, P32 
and so on connected to the lower-side scanning electrodes 
SD1 and Sd2 are connected to lower-side signal electrodes 
DDI, DD2 and so on, which are driven by a lower-side signal 
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driver 305. The embodiment shown in Fig. 13 can be 
regarded as an equivalent to the embodiment shown in Fig. 8 
wherein the group of pixels on each odd-numbered electrode 
is allocated to the upper-side area whereas the group of 
pixels on each odd-numbered electrode is allocated to the 
lower-side area. Since the embodiment shown in Fig. 13 has 
the same operations as the embodiment shown in Fig. 8, 
detailed explanation is omitted. 

In spite of the fact that the embodiment shown in 
Fig. 13 requires a frame memory for signal processing, this 
embodiment has an advantage that the number of signal 
electrode wires can be reduced to half the number of signal 
electrode wires in the embodiment shown in. Fig. 1. In the 
typical driving waveforms shown in Fig. 14, the timing to 
drive the bottom group of pixels in the upper-side area is 
shifted from the timing to drive the top group of pixels in 
the lower-side area. Thus, a shift in moving-picture 
display timing may result in, giving rise to a phenomenon 
in which, for example, a vertical line moving in the 
horizontal direction appears as a vertical line broken at 
its center. This problematic phenomenon can be eliminated 
by adjusting the timings, with which the bottom group of 
pixels in the upper-side area and the top group of pixels 
in the lower-side area are driven. That is to say, this 
problem can be solved by substantially reversing the 
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scanning directions of the upper-side and lower-side areas. 

In the present invention's embodiments described 
above, as typical electron emission devices of the FED unit, 
electron emission devices of the MIM type are employed. 
However, it is also possible to employ electron emission 
devices of a variety of other types such as a Spindt type, 
a surface conduction type and a carbon nano tube type. In 
the embodiments described above, an FED unit is used as the 
display apparatus, but the scope of this present invention 
is not limited to the FED unit. That is to say, the 
present invention can also be applied to a display 
apparatus employing an ELD (Electro-Luminescent Display) 
units, an OLED (Organic Light-Emitting Diodes) or other 
devices. To put it in detail, the present invention can 
also be applied to a display apparatus including electron 
injection devices for injecting electrons (or holes) to a 
light emission layer and the light emission layer for 
emitting light due to radiation of the electrons (or holes) 
injected by the electron injection devices to the light 
emission layer, wherein the number of electrons (or holes) 
injected by the electron injection devices can be 
controlled by adjusting a select voltage applied to a 
scanning electrode connected to the electron injection 
devices and a driving voltage connected to a signal 
electrode connected to the electron injection devices. 
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As described above, in accordance with the present 
invention, it is possible to improve the gray-scale 
performance and, hence, display a picture with a high 
intensity and a high resolution. Thus, in a flat display 
apparatus such as a FED unit, a picture having a high 
quality can be displayed. 



